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Abstract
Background: During the 2009 H1N1v influenza epidemic, the total number of symptomatic cases was estimated
by combining influenza-like illness (ILI) consultations, virological surveillance and assumptions about healthcare-
seeking behaviour. Changes in healthcare-seeking behaviour due to changing scientific information, media
coverage and public anxiety, were not included in case estimates. The purpose of the study was to improve
estimates of the number of symptomatic H1N1v cases and the case fatality rate (CFR) in England by quantifying
healthcare-seeking behaviour using an internet-based survey carried out during the course of the 2009 H1N1v
influenza epidemic.
Methods: We used an online survey that ran continuously from July 2009 to March 2010 to estimate the
proportion of ILI cases that sought healthcare during the 2009 H1N1v influenza epidemic. We used dynamic age-
and gender-dependent measures of healthcare-seeking behaviour to re-interpret consultation numbers and
estimate the true number of cases of symptomatic ILI in 2009 and the case fatality rate (CFR).
Results: There were significant differences between age groups in healthcare usage. From the start to the end of
the epidemic, the percentage of individuals with influenza-like symptoms who sought medical attention decreased
from 43% to 32% (p < 0.0001). Adjusting official numbers accordingly, we estimate that there were 1.1 million
symptomatic cases in England, over 320,000 (40%) more cases than previously estimated and that the autumn
epidemic wave was 45% bigger than previously thought. Combining symptomatic case numbers with reported
deaths leads to a reduced overall CFR estimate of 17 deaths per 100,000 cases, with the largest reduction in adults.
Conclusions: Active surveillance of healthcare-seeking behaviour, which can be achieved using novel data
collection methods, is vital for providing accurate real-time estimates of epidemic size and disease severity. The
differences in healthcare-seeking between different population groups and changes over time have significant
implications for estimates of total case numbers and the case fatality rate.
Background
The severity of influenza, often judged in terms of the
Case Fatality Rate (CFR), is a major component in
determining the global response to an outbreak [1].
However, severity can be difficult to measure using the
CFR because many infections are asymptomatic or mild;
furthermore, the estimated CFR depends on the extent
to which cases are detected by a surveillance system.
During the 2009 H1N1v epidemic in England, the
number of symptomatic cases was estimated using GP-
based influenza-like illness (ILI) consultation numbers,
adjusted for the number of those tested that were viro-
logically confirmed [2,3]. During the H1N1v pandemic,
in the absence of a systematic method for quantifying
healthcare-seeking behaviour, consultation numbers
were scaled-up by assuming that 30% of individuals with
ILI sought medical attention at the start of the epidemic,
and that this percentage increased to 50% with the
launch of the internet- and telephone-based National
Pandemic Flu Service (NPFS) in July [2]. These assump-
tions about healthcare-seeking behaviour clearly play a
vital role in determining case estimates. The total
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average CFR of 26 deaths per 100,000 cases [2].
Despite the importance of accurately estimating of the
number of cases, there is currently no method for system-
atically assessing healthcare usage. Healthcare-seeking
behaviour varies between countries and with individual-
level factors such as age, gender or risk group [3,4].
Healthcare-seeking behaviour may also have varied during
the course of the 2009 H1N1v epidemic. At the start of
the epidemic in June, there were high profile public health
campaigns and extensive media coverage, which were
associated with increased public anxiety [5,6]. By the start
of the autumn wave in September, it was established that
the severity of H1N1v was low and there was decreased
public interest in the epidemic, potentially affecting GP
consultation rates [5,6].
In recent years, internet-based surveillance has been
used to provide an alternative measure of influenza
activity by collecting information from symptomatic
individuals who do not necessarily seek medical atten-
tion [7-9]. The UK flusurvey was launched on 16
th July
2009 and ran until March 2010 [10]. In this paper, we
use the UK flusurvey questions about healthcare usage
to provide age- and gender-dependent measures of
healthcare-seeking behaviour during the 2009 pandemic
in England. In light of this new information, consulta-
tion numbers are re-interpreted to provide updated esti-
mates of the number of symptomatic cases and
improved estimates of CFR by age group.
Methods
The baseline numbers used in this analysis were the
estimated number of symptomatic H1N1v cases that
sought medical attention [2,3]. This was obtained from
GP ILI consultation rates and NPFS collections, scaled
by an age- and region-dependent proportion of cases
that were lab confirmed as H1N1v [3].
Brief description of the flusurvey
Further details about the UK flusurvey can be found
elsewhere [9]. In brief, the UK flusurvey (http://www.
flusurvey.org.uk) is an internet-based survey that was
launched on 16
th July 2009. The survey was publicised
via press releases, radio and TV appearances and news-
paper articles. There were no restrictions on who could
register and volunteers could register throughout the
season. The study was approved by the Research Ethics
Committee at the London School of Hygiene and Tropi-
cal Medicine and conformed to the Helsinki Declaration
on ethics of Medical Research. Participants gave their
informed consent to take part and were told that anon-
ymised data would be analysed for ILI trends by mem-
bers of the study team.
T h es u r v e yc o n s i s t e do fab a c k g r o u n dq u e s t i o n n a i r e
completed upon enrolment and a weekly symptoms
questionnaire (see additional file 1 and [9]).
Volunteers received a weekly email newsletter, which
encouraged them to complete the symptoms question-
naire. The symptoms questionnaire asked participants to
record their recent ILI and respiratory symptoms, if any.
Individuals reporting any symptoms were asked date of
symptom onset and whether they had phoned or visited
a GP or other medical professional.
Estimated healthcare usage from the flusurvey
Participants reporting symptoms consistent with the
HPA ILI case definition (a fever or high temperature
together with two or more influenza-like symptoms of
tiredness, headache, runny nose, sore throat, cough,
shortness of breath, loss of appetite, aching muscles,
diarrhoea or vomiting [11]) were identified as ILI cases.
Healthcare usage of these participants was determined
using questions from the symptoms questionnaire:
1. Did you phone a medical professional?
￿ Yes, my GP
￿ Yes, NHS direct
￿ Yes, the National Pandemic Flu Service (NPFS)
￿ Yes, other
￿ No
2. Did you see a medical professional?
￿ Yes, my GP
￿ Yes, hospital A&E
￿ Yes, I was admitted to hospital
￿ Yes, other
￿ No
As national ILI consultation numbers reflect the number
of GP consultations by phone, in person and via NPFS, we
included all contact with medical services in the analysis. In
practice, as few users reported contact with health services
other than their GP and the NPFS, we used the proportion
that sought no medical attention to avoid double counting
for multiple contacts with medical services. Symptom
reports were grouped by date and participant gender, age
and “at-risk” classification. The mean proportion (and 95%
confidence intervals) of ILI cases seeking medical attention,
stratified by date, age, gender and risk group, were calcu-
lated by bootstrapping. Differences between groups were
tested for significance using a non-paired t-test.
To estimate the healthcare-seeking behaviour of a
typical ILI case during the epidemic, we weighted age-
and gender-estimates of healthcare-seeking behaviour by
the age distribution of cases.
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To estimate the number of cases of symptomatic ILI, the
number of ILI consultations reported via RCGP and
NPFS, stratified by week and age and adjusted by virolo-
gical positivity rate, was divided by the fraction of flusur-
vey participants with ILI who sought medical attention,
also stratified by age and week (see equation 1).
Total symptomatic cases =

week

age
Iw,aρw,a
(1 − ¯ Uw,a) (1)
lw,a is the number of ILI consultations in week w for
age group a estimated from RCGP and NPFS data; rw,a
is the proportion of ILI consultations that were lab con-
firmed as H1N1 (in week w for age group a)e s t i m a t e d
through virological surveillance; ¯ Uw,a is proportion of
individuals aged a with HPA case definition ILI that
sought NO medical attention during weeks [w -1 ,w + 1],
estimated using the flusurvey.
Because of variability in the data, we used a three-
week rolling average of healthcare usage. We compared
the flusurvey-adjusted case numbers to the current best
HPA estimates and real-time estimates reported by
Donaldson in 2009 [2]. CFR by age was re-calculated
from the ratio of H1N1v deaths to flusurvey-adjusted
case numbers for the period up to 8
th November 2009
to allow comparison with previous estimates [2].
Results
Flusurvey participation
There were 5,738 registered flusurvey participants,
approximately two thirds of whom were female; 54%
were between 25 and 44 years of age [9]. 21.6% of
respondents self-identified as being at higher risk for
influenza-related complications (chronic heart disease,
diabetes, asthma, chronic lung disease, pregnant,
immuno-compromised or other chronic disease).
Volunteers were more likely to report ILI symptoms
during their first survey than in subsequent surveys, how-
ever retention in the study was over 80% after a participant
had completed the survey three times (additional file 2).
Between July and December 2009, the symptoms
questionnaire was completed 20,901 times with repre-
sentation from all UK regions and broadly across all age
groups. Individuals reported no symptoms on approxi-
mately 60% of occasions. Of the 40% of reports with at
least one symptom, 1,522 reports matched the HPA ILI
case definition [11].
Age-associated patterns in healthcare usage
We observed age-dependent healthcare usage during the
autumn wave (September to December) of the 2009
H1N1v pandemic (Figure 1a). The greatest difference
was between 45 to 64 year-olds, among whom 19%
[12%, 25%] of respondents with ILI sought medical
attention, and 0 to 24 year-olds, among whom 39%
[29%, 49%] of respondents with ILI sought medical
attention (p < 0.001). 25 to 44 year-olds showed inter-
mediate behaviour with 32% [26%, 37%] of respondents
with ILI seeking medical attention during the autumn
wave. The small number of respondents aged over 65
with ILI meant that we were unable to provide detailed
estimates of healthcare usage by month, and we found
no significant differences between July-August and
September-December for this age group.
Overall, we observed that females with ILI were
slightly more likely to seek medical attention than
males, but the difference was not significant. An excep-
tion was males under the age of 25 who were more
likely to seek medical attenti o nt h a nf e m a l e su n d e r2 5
(Figure 1a). Although there was a significant difference
in general healthcare usage between individuals with a
self-identified risk factor and those without, we found
no significant difference when we compared the health-
care usage of users with ILI.
Changes in healthcare usage during the epidemic
Healthcare usage changed significantly from month to
month during the epidemic (Figures 1b, 1c and 1d).
Individuals over 25 years old with ILI decreased their
healthcare usage significantly from August onwards: in
July 43% [41%, 45%] of ILI cases sought medical atten-
tion, whereas between August and December this
decreased to 25% [13%, 37%] (p < 0.0001, Figure 1b). In
contrast, healthcare usage for individuals with ILI under
25 peaked in October and this is reflected in the overall
pattern of healthcare usage. At the peak of the summer
wave (week beginning 20
th July 2009), 43.1% of ILI cases
sought medical attention, whereas at the peak of the
autumn wave (week beginning 19
th October 2009),
34.5% of ILI cases sought medical attention (Figure 1c).
The changes in healthcare usage during the autumn
wave were not observed in users with other symptoms
not matching the ILI case definition (labelled 1+ symp-
tom in figure 1c), in whom medical attention was
sought on an average of 7% [6.4%, 7.5%] of occasions.
We observed that in general ,t h ep r o p e n s i t yt os e e k
medical attention for ILI increased during the peak of
epidemic and decreased during holiday periods.
Re-estimating case numbers and disease severity
Using the healthcare-seeking behaviour estimated
from the flusurvey, we estimate that there were 1.1
million symptomatic cases in the UK in 2009 (95% CI
= [860,000, 1,600,000]) (Figure 2a). We estimate that
the epidemic peaked in the week beginning 19 October
2009 and that 72% of the cases occurred from September
2009 onwards.
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between adults and children shifts the burden of infec-
tion towards older age groups. We estimate that the
average age of symptomatic ILI cases was 29.3 years, as
opposed to an average age of 23.2 years for H1N1v
cases seeking medical attention (see additional file 3).
Our increased estimates of the number of ILI cases,
compared to previously published figures, result in a 35%
overall reduction in CFR to 17 deaths per 100,000 cases.
The decrease in CFR was most notable in adults, who
were less likely to seek medical attention (Figure 2b). We
estimate a CFR of 27 deaths per 100,000 cases in adults
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Figure 1 Estimated healthcare-seeking behaviour during the 2009 H1N1v epidemic in England from the UK flusurvey. The proportion
of UK flusurvey users with HPA case definition H1N1v that sought some form of medical attention between July and December 2009: (a)
comparison between age and gender groups during the second wave (September to December 2009); (b) month by month comparison
between age groups; (c) healthcare-seeking behaviour of those with case definition ILI compared to that of those reporting other symptoms.
The dashed line is the behaviour of a ‘typical’ ILI case during the epidemic; (d) the proportion of people visiting a GP. The solid line is the
behaviour of a ‘typical’ ILI case during the epidemic. In each panel the solid bars represent the mean and the vertical lines indicate 95%
confidence bounds on the mean.
Brooks-Pollock et al. BMC Infectious Diseases 2011, 11:68
http://www.biomedcentral.com/1471-2334/11/68
Page 5 of 8aged 45 to 64 years and from 490 deaths per 100,000
cases in adults aged 65 and over.
Discussion
The analysis presented here - using results from a web-
based survey to assess healthcare usage during the 2009
H1N1v influenza epidemic - suggests that individuals
with ILI symptoms changed their propensity to seek
medical attention during the course of the epidemic.
There were significant differences between age groups
in healthcare usage of people with ILI, with adults 50%
less likely to seek medical attention than children.
Higher rates of healthcare usage in children have been
previously observed in analysis of NHS direct data prior
to the H1N1v pandemic [12].
The healthcare-seeking behaviour of a typical ILI case
is affected by the age distribution of cases. In 2009, with
the highest attack rates among young people, we found
that the large decrease in healthcare usage of ILI cases
over 25 years old was tempered by the increase in health-
care usage in those ILI cases under 25 years old. In future
seasons, as the average age of cases increases [13] we
would expect the healthcare usage of adults to play a
more influential role in the observed behaviour.
We estimate that there were 1.1 million symptomatic
cases in the UK in 2009 (95% CI = [860,000, 1,600,000]),
two thirds more than the real-time estimate [2,3] and
40% more than the current best HPA mid-estimate of
780,000 cases. During the epidemic, it was estimated that
63% of cases occurred after September 2009, but that the
epidemic peaked (the greatest number of cases in a single
week) during the week of 13
th July 2009. The flusurvey-
adjusted epidemic profile is more consistent with the pat-
tern of H1N1v deaths, 80% of which occurred during the
autumn wave.
The increase in the number of cases results in a 35%
overall reduction in CFR from 26 to 17 deaths per
100,000 cases reported previously [2]. In adults 45 and
older we estimate a 50% smaller CFR, reducing the CFR
from 65 to 27 deaths per 100,000 cases in adults aged
45 to 64 years and from 980 to 490 deaths per 100,000
cases in adults aged 65 and over.
Strengths and limitations of the surveillance method
A strength of the internet-based approach described
here is its ability to assess sentinel surveillance from an
alternative perspective; we were able to access people
who did not necessarily report their symptoms through
any other means.
Telephone-based reporting provides an alterative to
internet-based surveillance for community surveillance
[14,15]. While telephone-based reporting can control
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Page 6 of 8the level participation, a major advantage of web-based
implementation is its ability to run throughout the pan-
demic and to expand to a large number of participants
quickly and with little extra cost. In addition to the
questionnaire, the flusurvey site provided general infor-
mation and guidance about influenza and the pandemic
to anyone visiting the site. Engagement with the survey
was good with a cohort of regular participants, among
whom retention was above 80%. We observed that
volunteers were more likely to report ILI symptoms dur-
ing their first survey than in subsequent surveys, sug-
gesting that ILI might have been a stimulus for
registering. It is also possible that first-time users could
have reported on ILI episodes that had occurred many
weeks before they registered, whereas existing users
were only asked to report symptoms that had occurred
during the past week. In assessing healthcare usage, it is
possible that we missed participants who reported their
symptoms soon after onset, as they would have had less
opportunity to seek healthcare before completing the
survey.
Non-probability sampling meant that we recruited sev-
eral thousand volunteers within a couple of days, although
it led to a bias in the age and gender distribution of users.
Measured biases in recruitment could be adjusted for
using the background questionnaire completed during
enrolment. However, as with other active surveillance, it is
difficult to quantify how the non-probability sample used
differed from the general population in terms of suscept-
ibility to influenza infection and health-care seeking beha-
viour. The flusurvey, as has been observed with NHS
direct [16] and online ILI surveys in other countries [7,17],
had an underrepresentation of older people. It is likely
that the flusurvey also suffered from the same access
issues as NHS direct for individuals with low incomes,
from minority ethnic groups or born outside the UK.
Conclusions
The analysis presented here highlights the benefit of com-
munity surveillance for common diseases such as influenza.
Standard surveillance is based on those with symptoms
seeking healthcare. Thus, if the proportion of those with
influenza who seek healthcare is unknown, or changes over
time, or varies between age-groups, it is difficult to estimate
the number of cases using traditional methods.
Internet surveillance of healthcare usage can be used
to complement traditional surveillance by measuring use
of healthcare and detecting behavioural changes with
minimal delay. For the 2009 H1N1v pandemic, quantify-
ing changes in healthcare usage due to heightened pub-
lic awareness, media interest, public health campaigns
and the temporary National Pandemic Flu Service
proved essential for accurately interpreting consultation
numbers. Continued surveillance allows us to track
changes in behaviour to provide faster and more accu-
rate estimates of incidence and severity, that can ulti-
mately be used to improve the quality of incidence
estimates and inform policy decisions during the coming
influenza season and future pandemics.
Additional material
Additional file 1: Extract from the flusurvey questionnaire,
implemented at http://www.flusurvey.org.uk/. Questions asked as part
of the flusurvey implemented during the 2009 pandemic in the UK.
Participants were asked the background questions once upon registering
and then prompted to answer the symptom questions once a week.
Additional file 2: Participation rates during the flusurvey season.
The horizontal axis denotes the number of times a participant reported
and the vertical axis denotes the incremental retention rate for each
report number. For example: 41% of participants who reported once
reported a second time and of those 72% reported a third time.
Additional file 3: The distribution of infection by age. The bars show
the percentage of people, by age group, who experienced symptomatic
influenza-like-illness in England during 2009. Case numbers were
calculated using RCGP and NPFS consultation numbers, rates of
virological positivity and estimates of healthcare-seeking behaviour taken
from the flusurvey (http://www.flusurvey.org.uk). The total number of
people in each age group was taken from http://www.census.ac.uk.
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